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A rotating electric motor for operating an electric component

FIELD OF THE INVENTION

5 The present invention relates, from a first aspect, to a

rotating electric motor for operating an electric component,

said motor being arranged for an operating movement during a

limited predetermined angular motion of the rotor of the

motor, and said motor comprising an electric drive circuit

10 for the stator winding of the motor.

From a second aspect, the invention relates to a method for

operating an electric component through an angular motion

achieved by a rotating electric motor, the rotor of which is

15 connected to the electric component, the rotor being brought

to carry out a limited predetermined angular motion by driv-

ing a current through the stator winding of the rotor.

From a third aspect, the invention relates to a use of the

20 invented rotating electric motor, and from a fourth aspect

the invention relates to an electric switch.

BACKGROUND ART

2 5 Certain electrical components are of a kind which are to

carry out an operating movement of a limited extent but for

a very short period of time. This makes demands on a drive

means which may be rapidly activated, accelerated and dece-

lerated during the short time during which the operating

30 movement is to be carried out. One typical example of such a

component is a switch, especially for high and medium vol-

tage. The operation of such a switch is conventionally per-

formed using a mechanical spring as drive source, when

breaking is required, the mechanical energy stored in the

35 spring is released, thus obtaining rapid breaking. However,

the use of spring means for operating the switch entails

certain disadvantages. In the light of these facts, alter-

native solutions have been arrived at, wherein a rotating
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electric motor is used for the operation of the switch.

Examples of this are described in WO 00/36621 and

WO01/71741

.

5 In the switch according to WO00/36621, driving current for

the motor is obtained from a source of energy via a control

unit. In the switch according to WO01/71741, a converter is

used, via which the motor is connected to a source of energy-

such as, for example, a capacitor bank.

10

Another example of an electrical component where a limited

angular motion in a short time is required is the type of

commutating electric switching device disclosed in

WO02/056326. Here, the electric switching device comprises a

15 number of movable contact members which are to be rotated

rapidly and simultaneously through 9 0°. For the operation of

this movement, an electric motor is described as one embo-

diment .

2 0 The equipment described in the known examples for achieving

a rapid and limited operating movement of the motor is rela-

tively costly. Therefore, there is a need to improve the de-

vices according to the prior art.

25 In the light of the above, the object of the present inven-

tion is to provide a rotating electric motor of the kind in

question, in which a rapid and limited movement of the motor

is provided in a simple, inexpensive and reliable manner.

3 0 SUMMARY OF THE INVENTION

The object set up is achieved, according to a first aspect

of the invention, in that a rotating electrical machine of

the kind described in the preamble to claim 1 exhibits the

3 5 special features that the drive circuit for the stator wind-

ing of the motor exhibits at least one branch which compri-

ses an electric energy bank and a thyristor which are con-

nected in series with the stator winding.



WO 2005/024877
3

PCT/IB2004/002945

By connecting the energy bank to the motor winding via a
thyristor, the drive circuit for the motor winding will be
considerably simpler and less expensive compared with the
prior art. The need of a costly converter is eliminated and

5 the control equipment becomes simpler.

According to a preferred embodiment of the invented rotating
electric motor, the energy bank comprises capacitor means.
This is an effective, inexpensive form of energy storage

10 that is well adapted to deliver a relatively large quantity
of electrical energy as is the case in the present inven-
tion.

According to another preferred embodiment, each branch com-
15 prises a diode connected in parallel with the energy bank.

This facilitates, in a simple manner, achieving deceleration
of the motor as well as preventing reversed polarity of the
capacitor in those cases where the energy bank consists of
electrolytic capacitors.

20

According to still another preferred embodiment, the thy-
ristor is arranged to be turned off when the rotor has car-
ried out less than a good half of the angular motion. By "a

good half" is meant half the angular motion plus up to 10°.

25 This gives the rotor a strong movement pulse, providing a

fast acceleration during the first half of the movement, and
prevents reversed polarity of the capacitor in those cases
where the energy bank consists of electrolytic capacitors.

3 0 According to yet another preferred embodiment, the thyristor
is arranged to be turned on again after having been turned
off. This permits a controlled deceleration movement to be
achieved in a simple manner during the second half of the
operating movement.

35

According to a further preferred embodiment, said angular
motion is about 155-205°. When the motor is used for opera-
ting a switch, an appropriate embodiment therefor is that
the transmission of the rotational movement of the rotor to



WO 2005/024877

4

PCTYIB2004/002945

the translatory movement of the movable member of the switch

is achieved by a crank arm that is turned about half a turn.

With the stated magnitude of the rotational movement of the

rotor, the motor is especially suitable for such an applica-

5 tion and eliminates the need of mechanical gear change of

the movement. It is especially advantageous if the angle is

about 180°.

According to another preferred embodiment, the thyristor is

10 arranged to remain turned on until the energy bank is ex-

hausted.

According to an additional preferred embodiment, the drive

circuit comprises three branches of the described kind, and

15 these are connected in parallel. When the motor is used for

operating a switch, there is often a need to carry out three

operating movements in a short time, namely, break-make-

break movements. It is a matter of a period of time of less

than half a second. If, for example, a capacitor bank is

2 0 used as energy bank, such a bank will not have time to be

charged in this short period since normally a charging time

of several seconds must be counted on. By designing the

drive circuit with three parallel branches, wherein each

branch may be activated for a respective one of the opera-

2 5 ting movements, it is ensured in a simple manner that these

may be carried out without any delay caused by waiting for

recharging.

The above-mentioned and other advantageous embodiments of

3 0 the invented rotating electric motor are described in the

claims which are dependent on claim l.

From the second aspect of the invention, the object set has

been achieved in that a method of the kind described in the

3 5 preamble to claim 13 comprises the special measures that the

stator winding of the motor is connected via a thyristor to

an energy bank.
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According to preferred embodiments of the invented method,

it is carried out while using a rotating electric motor

according to the invention or any of the preferred embodi-

ments thereof.

5

With the invented method and preferred embodiments thereof,

advantages of the kind corresponding to those described

above for the invented electric motor and its preferred

embodiments are gained.

10

With the invented use and the invented electric switch

stated in claims 15 and 16, advantages corresponding to

those describe above are gained.

15 The invention will be explained in greater detail by the

following detailed description of advantageous embodiments

thereof and while referring to the accompanying drawings.

Figure 1 is a schematic illustration of part of the movement

20 transmission mechanism between a switch and a motor accor-

ding to a first embodiment of the invention.

Figure 2 is a diagram for the drive circuit of the stator

winding according to a first example of a motor according to

25 the invention.

Figure 3 is a corresponding diagram for a second example.

Figure 4 is a graph illustrating different cycles in the

3 0 motor during an operating movement for breaking of a switch.

Figure 5 is a corresponding graph illustrating closing of a

switch.

35 Figure 6 illustrates an example of a drive unit for a motor

according to the invention.

Figure 7 is a circuit diagram for the drive unit of Figure

6.
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Figure 8 illustrates an operating device for a three-phase

switch.

Figure 1 schematically illustrates a typical application of

5 a rotating electric motor according to the invention. The

figure represents a movement transmission mechanism between

the motor and the movable contact member of a switch, for

example a vacuum switch. Numeral 1 designates an operating

rod that is rigidly connected to the movable member of the

10 switch. Numeral 4 designates the output rotor shaft of the

rotor, and numerals 2 and 3 are a linkage. The rod 2 is

articulately connected at one end to the operating rod 1 and

at its other end to a crank 3. The crank 3 is, at its oppo-

site end, rigidly connected to the rotor shaft 4. The switch

15 is in the closed position at the upper end position, at

which the crank 3 is directed perpendicularly upwards from

the rotor shaft and aligned with the rods 1 and 2. In this

position, the angle of deflection 9=0 and is considered

positive in the direction of the arrow. The operation of the

20 switch from its closing position to its breaking position

takes place by rotating the rotor shaft 4 from 0 = 0 to 9 =

180°. This takes place by driving a current through the sta-

tor winding of the rotor for a short time.

25 Figure 2 illustrates the drive circuit that activates the

motor. The motor 5 is a single-phase motor with only one

winding turn in the stator and with a permanent -magnetic

rotor. The stator winding is connected to a drive circuit 6

with an energy bank consisting of a capacitor bank 7.

30 Further, the circuit comprises a thyristor 9. Connected in

parallel with the capacitor bank 7 is a diode. The stator

winding may be electrically represented by a resistance R,

an inductance L and a voltage E induced by the permanent

-

magnetic rotor.

35

During states that require operation of the switch, a turn-

on signal is supplied to the thyristor 9 so that a current i

starts flowing from the capacitor bank 7 through the stator

winding 5. A torque is thus generated on the rotor so that
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the rotor rotates the crank bar 3 (see Fig. 1) from the

angular position 8 = 0°, and the breaking movement for the

movable contact member of the switch is initiated.

5 Soon after the angular position 9 = 90° is achieved, the

braking phase is started by turning on the thyristor again.

This again leads to the generation of a current i because of

the voltage E induced in the winding 5. The current now

flows through the diode 8 in the same direction as before,

10 the torque Tm on the rotor 5 thus being reversed. The move-

ment of the movable contact member thus becomes decelerated

during this phase of the process. The braking energy is

substantially absorbed by the resistance in the motor wind-

ing. The braking movement proceeds to an angular position of

15 approximately 9 = 180°.

During operation, no closer control of the movement process

is exercised. This process is determined only by the fact

that an impulse for acceleration is delivered during the

20 first phase of the movement and that the movement is braked

during its latter phase. However, it may be suitable to

arrange a time control for controlling the point in time for

turn-off of the thyristor 9 and for controlling the time

interval between its turn-off and renewed turn-on. Also,

25 control of the capacitance of the capacitor bank may be

desirable.

Figure 3 illustrates a drive circuit 6 corresponding to that

shown in Figure 2 but arranged to allow an operating cycle

3 0 of the switch to break-make -break during a short time inter-

val, about 0.5 seconds or less. The drive circuit 6 compri-

ses three parallel branches 6a-6c, each one composed in a

manner corresponding to that of the drive circuit in Figure

2. Each branch 6a etc thus comprises a thyristor 9a etc., a

35 capacitor bank 7a etc., and a diode 8a etc., connected in

parallel with the capacitor bank. To achieve breaking, the

thyristor 9a in the first branch 6a is turned on and the

process described with reference to Figure 2 is carried out.

Then, to close the switch again, the thyristor 9a in the
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branch 6b is turned on, whereby the process is, in prin-

ciple, repeated but with the difference that the movement

now takes place from the angular position 0 = 180° to 0 = 0°.

The next breaking movement then occurs by driving from the

5 circuit 6c in a corresponding way.

The process for breaking and closing of a switch is illu-

strated in the diagrams in Figures 4 and 5 . The diagrams are

based on a simulation related to a three-phase vacuum switch

10 made by ABB and designated VK 32425-31.5. The movement

transmission mechanism is of the type illustrated in Figure

1 but with three operating rods connected to the motor

shaft, each phase switch being operated by a respective rod.

The following data are used:

15 Rotor diameter: 30 mm.

Rotor length: 2 00 mm.

Winding resistance: 0.083 ohms,

winding inductance : 1.3 mH

.

Number of winding turns: 40.

20 Mass of movable contact member: 2.43 kilos.

Capacitance of capacitor bank: 4 mF.

Voltage of capacitor bank: 250 V.

In the diagrams, the abscissa indicates time in ms from the

25 turn-on of the thyristors 6a and 6b (see Fig. 3) , respecti-

vely, for initiation of the respective operating movement.

The ordinate indicates the speed of the rotor = <o, the vol-

tage of the capacitor bank = U, the product of the number of

winding turns in the stator and the current intensity = Nxi,

30 the transfer of the movable contact member from its closing

position = x, the velocity of the movable contact member in

the x-direction = V, and the angle of rotation = 0, defined

in accordance with Figure 1. The ordinate denotes in which

unit the respective variable is indicated.

35

Figure 4 illustrates the breaking operation, which takes

about 30 ms. The crank rod 3 in Figure 1 has then been

turned from its upper position where 0 = 0 to a lower almost

diametrical end position where 0 = 170°. The capacitor vol-
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tage drops rapidly from the initial 250 V and reaches zero

after about 4 ms. Contact separation occurs at about 10 ms,

whereby strong fluctuations in speed and position occur.

However, these are exaggerated since the simulation model

5 did not consider the damping of these oscillations that

occurs in reality. The thyristor is turned on again at about

20 ms, whereby the motor is short-circuited and the decele-

ration of the movement starts. The fact that the end posi-

tion occurs at 9 = 170°, that is, somewhat before a comple-

10 ted half -turn, is due to the braking phase having started

somewhat too early.

Figure 5 illustrates, in a corresponding way, the closing

operation. The movement occurs from 9 = 180° to 9 = 3°. The

15 end position may be fluctuated several degrees around the

zero position because of friction forces in the mechanical

system. Turn-off of the thyristor occurs at about 12.5 ms

when the current intensity passes through zero. The thyris-

tor is then turned on again for braking after about 2 5 ms

.

2 0 At about 17 ms, the contact members of the switch start

getting into contact with each other, whereby bouncing

occurs as is clear from the v-curve at this stage.

Figure 6 shows a unit for driving the motor which, in prin-

2 5 ciple, corresponds to the diagram shown in Figure 3, but

with the difference that a fourth capacitor bank 7d is in-

cluded in the drive circuit. Numerals 10 and 11 designate

connections to the motor. The three capacitor banks 7a, 7b

and 7c are arranged for the break-make -break operations de-

30 scribed with reference to Figure 3. Numerals 71a, 72a etc.

designate the positive and negative sides of the respective

capacitor bank. The fourth capacitor bank 7d is connected to

the circuit via two thyristors 9d and 9e. This is arranged

to be discharged to ensure that the operating movement

35 reaches the end position. A turn-on signal is supplied to

the respective thyristors 9a, 9b and 9c, respectively,

through the lines 12a, 12b, 12c to initiate the respective

operating movement.
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Figure 7 is a circuit diagram illustrating the unit shown in

Figure 6, connected together with the stator winding. The

thyristor 9e for braking is turned on by means of the sig-

nalling circuit 12e, and the thyristor 9d for discharging

5 the capacitor bank 7d to achieve the end position is turned

on by means of the signalling circuit 12d. Power supply is

obtained from the current source 13

.

Figure 8 shows a complete operating device for breaking

10 three phases with three motors 5A, 5B, 5C according to the

invention. Operation of the motor 5A for phase 1 is per-

formed via the drive circuit 6A with the capacitor packages

7a, 7b, 7c and 7d in accordance with what has been described

above. In a corresponding way, the motors 5B and 5C for the

15 other phases are operated via similar (but not shown) drive

circuits 6B, 6C. The drive circuits obtain their power

supply from a common current source 13

.

The applications of the invented motor described above are

20 only to be regarded as examples and it will be understood

that also other applications lie within the scope of the

invention.

In those cases where the motor is adapted to carry out a

25 sequence of operating movements such as, for example

breaking-making-breaking of a switch, the rotational move-

ment of the rotor may all the time take place in the same

direction. Alternatively, the direction of rotation may be

reversed between the operating actions.

30


